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ABSTRACT:
Food allergies have a large impact on the lives of millions of people worldwide. More recently,
the allergic reaction to peanuts and peanut-related products has become a popular issue since the
reaction they cause is one of the most severe. Food related allergies claim roughly 250 lives each
year in the United States alone, with peanut related allergies accounting for almost 60% percent
of those deaths. This research is designed to produce a rapid test effective in determining the
presence of oleic acid, an allergen found in peanut oil. Oleic acid makes up over 50% percent of
the peanut oil and is currently accepted as the best-guess cause of peanut allergies. There are
currently no rapid tests available for the general public that have been produced to detect the
presence of oleic acid, but a rapid test could help improve the lives of those suffering from the
allergy by providing a means to test for a main allergen in them. The goal of this work is to
design a rapid test that would help to figure out if there is oleic acid present in the food samples
being tested. I plan to create a rapid test using one of two methods that I am exploring to
determine which would be the most effective and economic to distribute to the public. The first
uses yeast gene SPS19 to respond to the presence of oleic acid; the induction of this gene would
produce a cascade of events, ending with the activation of the fluorescent protein, GFP. The
alternative method would use an ozone generator to oxidize oleic acid, which would produce a
product that will react with YFP and cause it to fluoresce. With no known treatment, a rapid test
will allow an individual to avoid products containing the allergen and potentially save lives.
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1. Introduction
Living with a peanut allergy can be very challenging. According to the FDA, roughly 8%
of children and 2% of adults suffer from peanut allergies. Peanut allergies produce some of the
most severe symptoms as compared to other food allergies (du Plessis and Steinman 2004). Even
trace amounts of a peanut can cause a severe reaction. Indirect contact such as eating food at a
contaminated table at a restaurant, a kiss on the lips from someone who just ate a sandwich, or
handling certain pet foods, can all trigger a reaction. Full anaphylaxis shock occurs in about 1/3
of all reactions, which can be fatal (Settipane 1989). About 150 deaths each year in the United
States alone are due to an allergic reaction to peanuts.
Oleic acid is a long –chain fatty acid that makes up over half of the content of peanut oil.
It is a colorless, clear liquid that is readily oxidized. Oleic acid is found in many other oils as
well such as olive oil and pecan oil. It is important to understand that oleic acid cannot be
independently classified as peanut oil and that they are two separate things. It is also important to
know that there is currently no confirmed cause of peanut allergies, although there have been
many studies dedicated to determining the cause of the allergy. Scientists are currently
conducting trials with each of the allergens found in peanuts and as of what we currently know,
oleic acid is the leading cause of the allergy (Knoll et al 2011).
The oleic acid found in food is the cis isomer of the acid. In the body it can increase
plasma LDL cholesterol and triglycerol levels, and decrease glucose production (Tholstrup et al
2004). The body can create its own stores of trans-oleic acid in times of caloric surplus, when
the body is taking in more calories than it is burning. This can lead to weight gain if not closely
monitored. Notice that the cis and trans isomers of the acid are what make ingested oleic acid
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different from naturally produced oleic acid in the body. The trans-oleic acid produced in the
body is not an allergen, whereas the cis isomer is (Abbey and Nestel 1994). Cis-oleic acid is
produced by peanut oil and other structurally similar oils that are known to cause allergies.
There are currently a couple of test kits that have been developed to determine the
presence of peanuts in unlabeled foods. As with my proposed rapid test kit, their goal is to help
people that suffer from the allergy be prevented from having contact with these products.
Unfortunately these kits are designed for small industrial food operators to use and are not yet
ready for the average person to use in their home (Neogen Corp. 2013). All of these tests take at
least 30 minutes for the results and cost $600 for 40 kits.
The goal of my research is to create a rapid test that could be completed in less than 30
minutes and could be used by anyone, anywhere. To do this, I aim to manufacture the completed
test into a test strip or solution that would be nontoxic. After much research, I have developed
two new and unique ways to accomplish this.

2. Research Aims
Aim 1: Develop a rapid test to detect oleic acid
There are two possible ways that I can detect the presence of oleic acid. The first
approach uses the yeast gene SPS19 and the fluorescent protein, GFP. I would start with the
SPS19 gene and GFP in a culture and add oleic acid to it. If this approach works, the oleic acid
would induce the yeast gene SPS19 (Gurvitz et al 2000). This gene encodes for peroxisomal 2,4dienoyl-CoA reductase, which is a beta-oxidation enzyme. The promoter of the SPS19 gene
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contains an oleate response element that binds to the transcription factor Pip2p-Oaf1p and would
activate the CYC1-lacZ region of the gene (Gurvitz et al 209). This region encodes for the
expression of cytochrome C, a protein found in the mitochondrial membrane of SPS19.
Cytochrome C would then bind to GFP and cause it to fluoresce (Osborne and Guarente 1988).
SPS19 gene would require a one-time buying cost. GFP takes about 8 minutes to
fluoresce in a solution and is the most cost-effective approach (Goldstein 2005). At this stage it
is unknown how much GFP I would need, although I could reduce the amount I would need by
inserting the GFP into the genome of the yeast. Also, the SPS19 gene is temperature dependent
and would have to be stored around 20 degrees Celsius, which is about room temperature
(Gurvitz et al 2000).
The second way that I could approach this experiment would be to oxidize the oleic acid
using ozone. This would require an ozone generator and a fume hood. The oleic acid would be
independently oxidized and then the product would be placed in a culture with YFP. YFP is a
genetic mutant of GFP. It is a much more effective redox sensor that would more efficiently
sense an oxidation reaction than GFP (Dardalhon et al 2012). Oxidizing oleic acid with ozone
changes the location of the double bond in oleic acid and degrades it (Brandt 2011). The product
of this degradation is called enoyl-coA hydratase, an acyl radical of an unsaturated acid. EnoylcoA hydratase binds to YFP and causes it to fluoresce by binding to the N-terminal of the
enzyme (Brandt 2011).
YFP takes anywhere from 10 to 15 percent more time than GFP to fluoresce in a solution
and is much less cost-effective (BioVision 2013). YFP is also less stable, more acid-sensitive,
and more temperature dependent than GFP as it requires a storage temperature of about -20
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degrees Celsius (BioVision 2013). It is also unknown how much YFP I would need at this point.
In order to make ozone, I would need an ozone generator, which costs about $500. Ozone is very
unstable and would be more difficult to work with in a lab. This approach would also be less
practical to make into a solution that would be able to be given to the public.

Aim 2: Reduce the amount of time that GFP would require to fluoresce
I would like to make the GFP reaction to oleic acid occur in a solution as quick as
possible. There are two possible approaches:
First, I could increase the number of cyc1-lacz regions into the yeast genome. I would use
transposons and take a cyc1-lacz region from one yeast genome and put it into another one. This
would increase the amount of Cytochrome C that would be released; ultimately the GFP would
be induced to fluoresce at a faster rate and would decrease the time that the GFP would take to
fluoresce (Barrientos et al 2003).
Second, I could find a derivative of GFP that would be activated by Cytochrome C and
fluoresce at a faster rate. This would also effectively decrease the rate of the reaction.

Aim 3: Reduce the amount of time that YFP would require to fluoresce
I would like to make the YFP reaction to oleic acid to occur in a solution as rapidly as
possible. In order to do this I could either of the following:
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The first way would to be to use a promoter to keep the YFP constantly activated. In
order to do this I would need the β-galactosidase protein from a lac operon and would insert it
into the YFP solution. β-galactosidase is a protein produced by the lac Z region of the lac operon
in the presence of lactose. I would have to induce the operon and extract this product. βgalactosidase acts as a promoter for YFP and would allow it to always be active, making it more
readily receptive to the enoyl-coA hydratase, which is produced by oleic acid oxidation (Holmes
and Smith 2000).
The other option would be to find a derivative of YFP that would be induced by enoylcoA hydratase and fluoresce at a faster rate. This would increase the overall reaction rate.

3. Methods
My proposal is aimed at detecting the presence of oleic acid using either the yeast gene
SPS19 in a solution with GFP or by oxidizing oleic acid and coupling the product with YFP. In
the presence of oleic acid, the SPS19 gene would be induced, creating an oleate response
element. This response element binds in the promoter region of the gene and binds to the Pip2pOaf1p transcription factor in the CYC1-lacZ gene. Once activated, the CYC1-lacZ gene would
produce a product that encodes for the release of Cytochrome C from the mitochondrial
membrane. The Cytochrome C protein then binds to and activates GFP, which will produce a
fluorescent, green color.

Chambers 8

In the lab, I would need to prepare an aqueous solution containing the SPS19 and GFP
genes. They yeast gene would be contained in a yeast cell containing the SPS19 gene that would
act as a host for the gene. The gene and fluorescent protein do not react with one another without
the presence of oleic acid, allowing a stable solution for storage (Goldstein 2005). Using a
culture I would need to determine the correct amount of GFP that I would need in order to elicit
a visible expression. After determining this amount I would prepare the solution. The solution
would need to be stored at a temperature of 20 degrees Celsius. The SPS-19 gene is temperature
sensitive.
One limitation I would run into would be the amount of time it takes for the reaction to
take place. It takes about 8 minutes for GFP to fluoresce. In order to increase the speed of the
overall reaction, I could add more CYC1-lacZ regions to the SPS19 genome. This would cause
more Cytochrome C to be released and cause the GFP to fluoresce at a faster rate; I would splice
these regions into the SPS19 genome using transposons. First, I would collect mRNA from a
donor SPS19 genome using a centrifuge. Next, I would amplify the mRNA using PCR, followed
by making it into DNA using the enzyme reverse transcriptase. I would then clone the DNA
using primers into a transposon; at this point I would now have a plasmid. Finally, I would
integrate the plasmid into the SPS19 genome that would be going into the solution with the GFP.
The other option to achieve my results is to oxidize oleic acid, which would produce a
product that induces YFP. In order to do this I would need an ozone generator. Under a fume
hood I would expose oleic acid to ozone (O3), which denatures oleic acid and produces enoylcoA hydratase as a result. At this stage of the research it is unknown how much time it would
take for the enoyl-coA hydratase product to be produced. The YFP would be in a solution and
fluoresce upon the addition of enoyl-coA hydratase, which induces YFP.
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One limitation for this course of study would also be the amount of time that the reaction
would take. It takes YFP about 10 minutes to fluoresce. The best option to lower this time would
be to use β-galactosidase to keep the YFP constantly active. In order to do this I would have to
extract β-galactosidase from the lac operon and place it in the solution with YFP. β-galactosidase
is a promoter that will allow YFP to remain active. It is produced by the lac Z region of the lac
operon. I would need to induce a lac operon and collect this product in order to use the βgalactosidase as a promoter for YFP.
Collecting the data would be based on observation of the fluorescent GFP and YFP. As
previously stated, I would have to determine the correct amount of GFP and YFP to use initially.
I would also have to determine the optimal temperature for each reaction to take place.
Another way I could decrease the reaction time would be by using a GFP or YFP
derivative, or mutation. Most would be less cost efficient, but could fluoresce at a faster rate.
Some derivatives include BFP, CFP, and RFP (BioVision 2013).
If neither of the experiments that I have proposed worked, I would create a similar one
using a different component of peanut oil. Ara h 1 (vicilin), is another known allergen in peanut
oil and would be stable enough to work with in a lab and distribute to the public.

4. Distribution
There are two ways that the rapid test could be distributed, both of these options only
work with the GFP solution. The first would be to keep the test in a solution and the second
would be to use a test strip. This first method would require the user to put one or two droplets of
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the solution containing either the GFP protein onto a small sample of the food in question. If the
food contains oleic acid, then a green color will be produced on the area that the solution was
used on.
In order to distribute this as either the solution or the test strip, I would have to keep in
mind the temperature –sensitive materials such as the P needs to be ept at

and the YFP has to be ept at -

ene and YFP. he P

ene

. The YFP solution would also require

an ozone generator and would not be very practical for public distribution, which is why both of
the distribution methods would work best with the GFP experiment.

5. Budget
Supplies –
SPS19 yeast gene: $2,020
GFP: $279/mg
YFP: $2,640/mg
Centrifuge: $208
PCR Supplies: $8,579
Ozone Generator: $500
Staff: Undergraduate students: $108,000 total. $4000/semester will be offered to each student
participating (3 students) for 3 years.
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$12,000/student each year. Using 3 students each year it would be $36,000 each year for
3 years.
Indirect costs: $59,890
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